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We developed a new silica (SiO2) removal technique that can maximize biomass-based activated carbon ad-
sorption performance. SiO2 removal is one of the key processes in making activated carbon suitable for cryosorp-
tion pumps in fusion machines. In this study, we employed an evaporation process to remove SiO2 by high-
temperature vacuum heating. The charcoal made from rice straw was heated at 1800◦C for 1 h at approximately
10 Pa in a vacuum furnace. We found that SiO2 amount was significantly reduced from 15.8 wt% to 4.20 wt%
due to vacuum heating. In addition, the result of surface element mapping analysis using energy-dispersive X-ray
spectroscopy (EDX) indicated a considerable decrease in the oxygen content of SiO2. We demonstrated the great
potential of activated carbon derived from rice straw as an adsorbent for high-performance cryosorption pumps.
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The Large Helical Device located at the National In-
stitute for Fusion Science is equipped with cryosorption
pumps that use activated carbon from coconut shells as
an adsorbent for gas particles [1]. Activated carbon is
a porous material that undergoes chemical [2] or physi-
cal activation [3] after the carbonization of carbonaceous
sources. Small particles, such as hydrogen, are adsorbed
in micropores with diameter less than 2 nm. An increased
number of mesopores, ranging from 2 nm to 50 nm in
diameter, within activated carbon enhances the pumping
speed because pores provide a pathway for the particles
[4]. Removing silica (SiO2) from carbonaceous materi-
als is a known method to produce mesopore-rich activated
carbon [5]. The sites occupied by SiO2 become a meso-
pore. Herein, we focus on the use of rice straw, an unuti-
lized biomass, as a raw material for preparing the activated
carbon of cryopumps. Rice straw contains a considerable
number of SiO2, making it a suitable raw material for the
production of activated carbon with mesoporous proper-
ties [6]. In addition, from an industrial point of view, meso-
porous activated carbon is expected to be a capacitor with
excellent rate capability [7].

Generally, a strong alkaline cleaning solution, such as
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sodium hydroxide solution, is employed for SiO2 removal.
However, due to surface tension, these solutions have
limitations in effectively permeating the carbon structure.
Therefore, not all SiO2 contained within rice straw can be
removed [8, 9]. To solve this, we employed an evaporation
process to remove SiO2 through high-temperature vacuum
heating by thermal conduction, specifically at temperatures
equal to or higher than 1710◦C, which aligns with the melt-
ing point of SiO2, ultimately reaching 1800◦C. In this
study, we focus on tracking changes in SiO2 content within
rice straw charcoal by high-temperature vacuum heating.

We refer to carbonized rice straw as charcoal. The
procedure for producing charcoal by high-temperature vac-
uum heating is as follows. First, the rice straw was cut
into pieces approximately 10 mm in size and packed into
a stainless steel cylindrical container of φ40 × 190 mm. A
lid with a pipe of φ6.5 mm in the center was then welded
to the container. The container was heated with a burner to
200◦C, completing the carbonization of rice straw. Second,
the container was placed in a tubular furnace. Note that
the pipe was connected to a vacuum pump to draw out the
impurity gasses generated from the charcoal. The furnace
was held at 1000◦C for 1 h, and the container was main-
tained at approximately 100 Pa. In this step, the charcoal
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Fig. 1 Setup of high-temperature vacuum heating.

was degassed to prevent contamination of the equipment in
later processes. The charcoal was then collected from the
container and crushed. Finally, the charcoal was heated in
a vacuum furnace, different from the furnace used in the
previous step, at 1800◦C for 1 h at approximately 10 Pa, as
shown in Fig. 1. In this step, the SiO2 was removed.

Si compound measurements were performed on char-
coal before and after vacuum heating at 1800◦C. The
weight percentage of SiO2 was evaluated indirectly by
measuring the amount of silicon (Si) compounds in char-
coal using inductively coupled plasma atomic emission
spectroscopy. The amount of SiO2 decreased from
15.8 wt% to 4.20 wt% due to vacuum heating.

The charcoal surfaces were examined using a field-
emission scanning electron microscope, and their surface
element analysis was performed using energy-dispersive
X-ray spectroscopy (EDX). We focused on a projecting
structure that contains a considerable amount of SiO2 in
rice straw. Figure 2 shows the results of elemental map-
ping by EDX. Yellow arrows indicate the projecting struc-
tures. Carbon, the base material of rice straw, was detected
on both the charcoal samples. Oxygen was detected on
the charcoal projecting structure before vacuum heating,
as shown in Fig. 2 (a). Meanwhile, almost no oxygen was
detected on the charcoal after vacuum heating, as shown
in Fig. 2 (b). Furthermore, an analysis of Si distribution
showed that Si was widely present on the charcoal surface
before and after vacuum heating. Based on these results,
it appears that the oxygen content of SiO2 in charcoal is
reduced by vacuum heating, and Si remains on the surface
of charcoal. This Si could interfere with pore formation
during the activation process and may need to be removed
as well as SiO2.

In summary, we demonstrated a substantial SiO2 re-
duction in rice straw by applying a new method, i.e., high-

Fig. 2 Mapping of surface elements on the projecting structure
by EDX.

temperature vacuum heating. The resulting charcoal has
a great potential to serve as an activated carbon material
with considerable mesoporous characteristics. In the future
research, we will perform a comparison of SiO2 removal
with conventional methods using the same rice straw. Ad-
ditionally, we will produce highly functional activated car-
bon using the proposed vacuum-heated charcoal and assess
its pumping speed in a cryosorption pump.
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